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Abstract: Restraining algal growth by algaecide has been studied by many researchers, but the 
dosing time has not yet been studied. In this study, we examined the appropriate dosing time of 
algaecide through a series of experiments. In the experiments, the pH value of water is significantly 
affected by Microcystis aeruginosa, and the variation of the pH value is in favor of the growth of the 
alga. Therefore, using acid algaecide in the period with maximum pH values, i.e., the stable phase, 
would change the acidity-alkalinity of the water significantly, and would negatively affect algal 
growth. Acid algaecide does not eliminate the alga effectively if the acid algaecide is dosed in the 
logarithmic growth phase. Using acid algaecide in the decline phase after algal bloom not only is 
unfavorable for eliminating the alga, but also prolongs the decline phase, and even brings about next 
larger algal bloom.     
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1 Introduction 
Cyanobacterial blooms strongly affect water quality (Jin et al. 1990; Peng et al. 2004) and 
economic benefits of waters (Yang et al. 2008; Guo 2007). Studies show that toxins produced 
by cyanobacteria cause teratogenicity and mutagenicity to animals and even to humans 
(ARDMCRC 1999; Fawell et al. 1993). The method of using algaecide to curb algal blooms 
has been extensively studied. Liu (2002) indicated that the toxicity to algae produced by 
copper was due to the high affinity of copper to sulfur-containing groups on the surface of 
algae cells, which disturbed normal metabolic functions and biochemical reactions of algae, 
damaged protoplast such as chloroplast, and, therefore, restrained the production of algae. 
Zhao et al. (2009) studied the sensitivity of bloom algae to copper ions and found that the 
sensitivity of Microcystis aeruginosa is highest, followed by Anabaena flos-aquae, Cyclotella 
meneghiniana, Chlamydomonas reinhardii, and Scenedesmus obliquus. They also indicated 
that in the process of controlling cyanobacterial blooms using copper sulfate, the transparency 
of water was improved apparently, and the amount of algae decreased at the primary stage and 
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recovered at later stages. Wang et al. (2011) solved the problem of formation of composites 
from toxic copper ions under alkaline conditions on the basis of the advantage of the copper 
complex. Raman (1985, 1988) realized that slow, persistent release of copper ions relied on 
the relationship between copper ions and complex groups, and the results from his 
experiments showed that a mixture with 25% mass fraction of copper-ammonia complex aqua, 
30% mass fraction of p-Nitrophenyl arsonic acid wettable powder, and 20% mass fraction of 
copper acetate wettable powder had a strong effect in restraining the growth of Microcystis 
aeruginosa. Copper is one of the most common algaecides. But the dosing of copper can lead 
to a significant change of microbes and ecosystems, and can negatively affect the stability of 
fish, benthos, water quality, and aquatic ecosystems (Song et al. 2011; Mei et al. 2010). 
Furthermore, repeated dosing of copper makes cyanobacteria become tolerant to copper 
(Libertad et al. 2004; Soldo et al. 2005). Investigators have searched for other chemical, 
physical, and biological processes to remove algae. Li et al. (2007) found through experiments 
eliminating algae by algaecide with ethylic acid as the main component that water quality was 
significantly improved after emergency treatment and did not have significant effects on 
zooplankton. Actively growing algae cause water to turn alkaline, and using acid algaecide to 
emergently control algal blooms would be an effective, fast, low-cost, and simple method. 
However, the appropriate dosing time of acid algaecide in controlling algal bloom has not 
been studied up to now. In this study, we carried out a series of experiments to identify the 
optimal dosing time of acid algaecide, thus providing theoretical bases for developing 
techniques for restraining algal blooms. 
2 Methods and materials 
2.1 Experimental equipments 
The equipments used in the experiments include the following: an electronic analytical 
balance (Sartorius BS-224S) for weighting; an ultraviolet and visible spectrophotometer 
(Pgeneral TU-1810) for measuring optical density (OD), total nitrogen (TN) concentration, 
and total phosphorus (TP) concentration; an acidometer (Shanghaijingke PHS-3C) for 
measuring pH value; a biological microscope (XSP-BM-12CA, made at Shanghai BM Optical 
Instruments Manufacture Company) for counting; a supercentrifuge (made at Shanghai Anting 
Scientific Instrument Factory) for separating Microcystis aeruginosa from the BG-11 culture 
medium; a stainless steel vertical electric pressure steam sterilizer (YM50Z) for disinfection 
and digestion; and an illuminated biochemical incubator (Jinghong GZP-250) for culturing 
Microcystis aeruginosa. 
2.2 Experimental materials 
2.2.1 Algae species  
The algae specie used in the experiments was Microcystis aeruginosa, which came from 
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the national algae bank of Wuhan Institute of Hydrobiology of the Chinese Academy of 
Science. The alga was cultured at 24ć under a 12Lʟ12D light-dark cycle with an intensity of 
illumination from 2000 to 3000 lx. 
2.2.2 Culture medium 
The BG-11 culture medium was used, and its components are listed in Table 1. The pH 
value was 7.1. 
Table 1 Components of BG-11culture medium 
Substance Content (mg/L) Substance Content (mg/L) 
NaNO3 1500 Na2CO3 20.00 
K2HPO4   40 H3BO3  2.86 
MgSO4·7H2O   75 MnCl2·4H2O  1.86 
CaCl2·2H2O   36 ZnSO4·7H2O  0.22 
C6H8O7    6 Na2MoO4·2H2O  0.39 
(NH4)3Fe(C6H5O7)2    6 CuSO4·5H2O  0.08 
EDTA-Na2    1  Co(NO3)2·6H2O  0.05 
2.3 Preparation of testing algae solution 
Ten milliliters of algal suspension, in which the number of algae cells exceeded        
5 × 104 cell/mL counted by microscopic examination, was taken and poured into a 10 mL 
centrifuge tube. Then the centrifuge tube was placed in a centrifuge at a speed of 3000 to   
4000 r/min. After discarding the supernatant fluid and adding 10 mL of NaHCO3 with a 
concentration of 15 mg/L into the centrifuge tube, the centrifuge tube was rotated again at a 
speed of 3000 to 4000 r/min for 5 to 10 min. Then, the supernatant fluid was discarded   
again, the nutrients attached to algae cells were removed, and the algal suspension was ready 
for testing. 
2.4 Standard correlation curve of algae cell concentration and OD 
In order to measure and record algal growth conditions easily and quickly, the 
measurements of the chlorophyll a concentration and OD value were used instead of direct 
measurement of the algae cell concentration. OD reflected the transparency of water, which 
decreased when the algae concentration increased in the water. 
After inoculating the alga, the sample was extracted once a day, and the algae cell 
concentration and OD value at 684 nm were measured. The data were analyzed and a 
correlation curve between the OD value (VOD) and the concentration of algae cells (C, with a 
unit of piece/mL) was drawn (Fig. 1). A regression equation was established, as follows:  
   
2
OD23 914 2 365,   0.893 2C V R= − =                   (1) 
where 2R  is the coefficient of determination. 
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Fig. 1 Correlation curve of optical density and algae cell concentration 
3 Results and discussion 
3.1 Experimental results 
The testing solutions were prepared on the base of the BG-11 culture medium, and their 
water quality conditions were similar to those of Taihu Lake (with a total nitrogen 
concentration of 4 mg/L and a total phosphorus concentration of 0.1 mg/L). The pH values of 
the solutions were adjusted with HCl or NaOH solution with a concentration of 1 mol/L every 
day. The pH values of the solutions were maintained at 7.5, 8.5, and 9.5 (referred to as case 1, 
case 2, and case 3, respectively, in Fig. 2). In addition, a comparative solution sample with an 
initial pH value of 8.5 was made (referred to as case 4 in Fig. 2). Without adjustment, its pH 
value varied by itself during the test. The samples were cultured in an illuminated incubator at 
an intensity of illumination of 800 to 1000 lx, under a 12Lʟ12D light-dark cycle at 24ć. The 
OD value and chlorophyll a concentration were measured once a day. The experimental results 
are presented in Figs. 2 and 3. 
 
Fig. 2 Time series of optical density and chlorophyll a concentration under different pH values 
 
Fig. 3 Time series of chlorophyll a concentration and pH value in case 4 
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It can be seen from the figures that the algal growth process had the following 
characteristics under different pH values:  
(1) The growth process of Microcystis aeruginosa could be divided into five phases: the 
delay phase, logarithmic growth phase (from the 2nd day to the 7th day), stable phase (from 
the 7th day to the 8th day), decline phase (from the 8th day to the 15th day), and recovery 
phase (from the 15th day to the 21th day). In the experiments, the delay phase was very short 
and the alga quickly adapted to the culture environment. The growth of Microcystis 
aeruginosa was the best during the logarithmic growth phase for cases 2 and 4, during the 
stable phase for case 3, and during the decline and recovery phases for case 1. Microcystis 
aeruginosa suffered mass mortality due to the depletion of nutrients, which were no longer 
supplied after the 21st day (in order to simulate the situation in which shortages of nitrogen 
and phosphorus appeared after mass growth of Microcystis aeruginosa). 
(2) For case 4, Microcystis aeruginosa grew well in all phases, and recovered 
immediately after the decline phase. 
(3) The pH value increased rapidly in the logarithmic growth phase, reached 9.4 in the 
stable phase, and stayed in the range of 7.4 to 8.0 in the decline and recovery phases for case 4. 
The following results on the impact of the pH value on the growth of Microcystis 
aeruginosa in different growth phases can be obtained: 
(1) The pH value had a strong impact on the growth of Microcystis aeruginosa. However, 
there was not a fixed optimum pH value for the growth of Microcystis aeruginosa throughout 
the whole growth process. Microcystis aeruginosa inversely impacted the water environment 
and shifted the pH value of water towards a value in favor of its own growth. That is why 
Microcystis aeruginosa grew well in all phases and recovered quickly after the decline phase 
for case 4.  
(2) The growth of Microcystis aeruginosa was not always the best throughout the whole 
growth process for case 4, but in each growth phase the pH value for case 4 was always close 
to the pH value of one of the cases with artificially adjusted pH values (cases 1, 2, or 3), and in 
that case the growth of Microcystis aeruginosa was the best. This growth pattern means that 
the variation of the pH value caused by Microcystis aeruginosa during the growth process 
encountered some buffer or delay phenomena. Therefore, if one changes the pH value to the 
optimum pH value of that growth phase, Microcystis aeruginosa might grow much better; if 
one changes pH value to deviate largely from the optimum pH value of that growth phase, the 
growth of Microcystis aeruginosa might be restrained. 
3.2 Discussion 
According to the results described above, there is no fixed optimum pH value for algal 
growth throughout the whole growth process. However, there exists an optimum range of pH 
values for algal growth. The range of pH value is from 8.5 to 9.5, according to this study and 
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Jin et al. (2004). Therefore, the pH value can be used as a bloom prediction index. This 
research shows that when the pH value exceeds 9.0 suddenly and no other alkaline substance 
is discharged into water, it can be interpreted as a forewarning of an algal bloom. Acidic 
substance should be dosed into water body to reduce alkalinity. The dosed algaecide must be a 
weak acid, which will not have negative effects on other aquatic life. 
Dosing of acid algaecide is an effective, fast, low-cost, and easy method: it is suitable for 
emergency control of algal blooms. As mentioned above, using algaecide in the stable phase, 
when the pH value is highest, might change the pH value of the water environment drastically 
and can restrain algal growth significantly. The eliminating effect on algae may not be obvious 
when using algaecide in the logarithmic growth phase. Using algaecide in the decline phase 
would have a negative effect. For example, it could make the decline phase last longer and 
cause even larger algal bloom the next time. After analyzing the features of cyanobacterial 
blooms in Taihu Lake from 2000 to 2006, Zhang et al. (2009) pointed out that when nitrogen 
and phosphorus concentrations were supplemented to the initial concentrations just after the 
stable phase, an algal bloom occurred again.  
4 Conclusions 
Through a series of experiments under water quality conditions similar to those of Taihu 
Lake, the following conclusions about the rational selection of dosing time of acid algaecide 
can be drawn: 
(1) Based on the regular monitoring results of pH value both vertically and horizontally, 
when the pH value in the water body (either a small or a large area) increases to 9.0 suddenly 
and there is no other alkaline substance entering the water body, an algal bloom may occur. 
This may be the right time to kill the algae by dosing it with acid algaecide. The reason is that 
the pH value is above 9.0 during the stable stage of algal growth, and dosing the algae with 
acid algaecide can reduce the pH value significantly and restrain algal growth. Besides, when 
dosing the water body with acid algaecide during the logarithmic growth stage, the eliminating 
effect on algae may not be obvious. If the acid algaecide is used during the decline phase, it is 
not only unfavorable for restraining algal growth, but also makes the decline phase last longer. 
If there are enough nutrients, an even larger algal bloom may occur next time. 
(2) The pH value should not be less than 6.0 (Yang 1986), which is the pH value of a 
healthy lake, when using acid algaecide to eliminate algae, in order to ensure the ecological 
health of the lake. 
(3) Acid algaecide can yield an immediate return, but this method is palliative. We must 
take comprehensive control measures, such as pollution source control and in-situ remediation, 
to resolve the current problems and eliminate the root causes. 
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